Introduction
The problems confronting the veterinary anmsthetist when dealing with large animals such as horses and cattle are twofold: control of movement and relief of pain. Management of the unruly or unco-operative animal may be quite difficult. Restraint is more often necessary for the horse than for the more placid ox. Timehonoured methods of manhandling an animal are tending to become outmoded and replaced to a greater extent by tranquillizers and sedatives.
Equine Ana?sthesia
For major surgery on the horse, recumbency and restraint are essential. They can be accomplished in several ways. The animal may be put into a state of recumbency by means of ropes and hobbles prior to the induction of anesthesia. This method is not free from risk both to operator and animal and is most inadvisable with racehorses in training.
An alternative method of inducing recumbency in horses which is increasing in popularity is the intravenous administration of the muscle relaxant succinylcholine chloride (Hansson and Edlund, 1954; Hansson, 1956 Hansson, , 1957 Belling and Booth, 1955; Stowe, 1955; Larsen, 1958; Neal and Wright, 1959) . Within-30 seconds of receipt of a 0 2 mg/kg dose muscular fasciculations are seen, especially over the shoulder regions, due to the depolarization of muscle groups. The limbs flex and the animal falls quietly to the ground within 45 to 60 seconds when its limbs can be secured to prevent rising. The levels of cholinesterase in equine plasma are high, consequently the effect of the relaxant wears off completely within six to seven minutes. General anesthesia may then be induced if required.
Other methods of casting are by the induction of anmsthesia in the standing animal. This may involve the use of chloroform, chloral hydrate or the barbiturates. Where quiet animals are concerned this is relatively easy, but with uncooperative patients prior sedation of the animal greatly facilitates the procedure.
Sedation is playing an increasingly important part in equine anesthesia. In the most recalcitrant animals this may be achieved by creating a thirst and administering chloral hydrate in the drinking water.
When the animal can be handled, sedation may be accomplished by the use of phenothiazine derivatives intramuscularly or intravenously. Promazine hydrochloride (Cuinningham, 1959) and trimeprazine tartrate (Tavernor, 1960) are safe and effective when given intravenously. Chlorpromazine hydrochloride when given intravenously shows idiosyncrasies in the form of the animal sinking down on its hocks and then suddenly springing forwards. The writer has not observed this effect following intramuscular administration although Owen and Neal (1957) report floundering in some cases. The time of onset is longer than when given intravenously and the depth and duration of sedation is variable. These drugs produce a state of sedation from which the animal may be roused by noise or continued handling. Pentobarbitone sodium may also be used as a sedative when given intravenously at the rate of 65 mg/50 kg (Arthur et al., 1953) . The animal is quietened but does not lose the ability to stand.
When it is decided to induce anesthesia in the standing animal the problem of administering large doses and volumes of drugs arises. In the case of chloral hydrate this may take up to four minutes during which time quietness of the patient is most important. Sedation goes a considerable way towards solving this problem.
The anesthetic procedures adopted in the horse may be considered under three main headings: regional an&esthesia; narcosis; general anesthesia.
Regional anwsthesia.-This may consist of local infiltration, specific nerve blocks, or spinal anesthesia. Nerve blocks are mainly confined to the limbs and head. Plantar nerve block may serve more than one purpose: diagnosis of the seat of lameness; performance of nerve section, and general surgical interferences in the lower part of the limb and foot.
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Spinal anesthesia as practised in the horse is extradural and is confined to posterior (or low) anaesthesia. The spinal cord and meninges end in the midsacral region and the site of injection is at the first intercoccygeal space. The spinal canal is here occupied by the coccygeal nerves and some small veins. This type of anesthesia is of value in operations on the tail and perineal region, but if interference with hind limb function is to be avoided the total quantity of anwsthetic solution injected in an average-sized hunter must not exceed 15 ml of a 2 % solution of procaine. Doses in excess of this are likely to involve the lumbosacral plexus with consequent inco-ordination of the limbs and inability to stand.
Narcosis.-A state of narcosis is valuable for operations under local and regional anesthesia. The animal's fear of restraint is overcome and the risk of sudden or vigorous movement is reduced. Narcosis is also a useful preliminary to the induction of general anasthesia when inhalation anmsthetics such as chloroform are employed.
For induction of narcosis in the horse, the agent of choice is chloral hydrate (Wright, 1944 (Wright, , 1957 (Wright, , 1958 . This may be given intravenously or orally and is used to produce depths of narcosis varying from a light stupor to complete general anmsthesia. Intravenously chloral hydrate is administered as a 10 % solution and may be given to the standing or recumbent animal. In the former case the patient will fall to the ground when a state of medium to deep narcosis is reached. The amount of chloral hydrate required to attain this narcosis in the average-sized hunter is 5-6 g/50 kg, giving a total volume of j-4 litre. The optimum time taken for induction is four to five minutes, and since chloral hydrate is irritant, care should be taken to avoid perivascular leakage.
In medium narcosis nystagmus commences and persists until deep narcosis supervenes, the tail becomes limp and respiration slow, regular and deep. The corneal reflex is active and the pupils are slightly constricted. In anesthesia the eyelids close. As anEesthesia deepens respiration becomes slow and shallow, the anal reflex is lost, and in the male the penis prolapses from the prepuce. The pupil constricts but the corneal reflex persists up to the point of bulbar paralysis.
Recovery from chloral hydrate narcosis is usually smooth, and the time taken from injection to the patient regaining its feet is usually from forty-five to sixty minutes. It is normal practice to keep the animal secured by hobbles until it is judged tlvt on attempting to rise it will be able to stand.
General anesthesia.-As already stated a large proportion of equine surgery may be readily performed using a balanced anesthesia consisting of chloral hydrate narcosis supplemented by local infiltration or regional nerve block.
When it is necessary to induce full surgical anwsthesia, a variety of techniques are available to the veterinary surgeon. For short periods of anesthesia intravenous chloral hydrate may be employed as the sole agent, continuing from the state of narcosis previously described. If repeated doses are given the recovery time is greatly extended. It is preferable to induce light anesthesia only with chloral hydrate and maintain with barbiturates or volatile agents.
Barbiturates are effective anesthetic agents in the horse, but may produce narcotic excitement and also struggling on recovery (Wright, 1958) . This must be controlled by restraining the patient until full consciousness is regained.
For this reason the use of barbiturates is mainly restricted to induction prior to maintenance with a volatile agent, or occasionally for maintenance when chloral hydrate has been the initial anesthetic agent. In this latter respect, pentobarbitone sodium is very effective; the initial dose for the average hunter weighing 450 kg, which has already received chloral hydrate at the rate of 6-7 g/50 kg, is between 10 to 1-5 g. Further doses may be given at intervals as required. Following such anmsthesia the recovery time is slightly prolonged but it is usually quiet.
When used for induction the barbiturates may be given to either the standing or recumbent animal. A dose of 1 g/100 kg of thiopentone sodium can be given as a rapid intravenous injection to the standing patient, which will fall to the ground relatively quietly 30-60 seconds later. When given to the recumbent patient the dose is approximately the same but it is given by slow intravenous injection, the plane of anmsthesia being assessed by observation of reflexes.
Following induction by thiopentone sodium or chloral hydrate, anmsthesia may be maintained by chloroform, cyclopropane or halothane.
Chloroform is truly a time-honoured anesthetic agent in the horse, its use being recorded as early as 1847 (Percival, 1848) . As a sole anmsthetic agent it has been largely superseded by chloral hydrate but in certain short operative procedures it is still widely used. It may be given to the standing or recumbent animal but in the former case the narcotic excitement that may ensue during induction in a spirited horse may prove to be highly dangerous. It is usual to cast the animal first and then to administer from 1 to 2 oz on cotton-wool or sponge in a close-fitting mask.
Section of Anasthetics
The disadvantages of chloroform are the incidence of post-anesthetic pneumonia and liver damage. The advantage on the other hand is the rapidity with which it is excreted once administration ceases, and the speed with which consciousness is regained. The fact that the animal is able to rise and walk within half an hour of completion is a matter of great moment in veterinary practice.
When cyclopropane or halothane is used as an anisthetic agent it is usual to premedicate with one of the phenothiazine derivatives and atropine sulphate, and induce with thiopentone sodium. Maintenance is with closed circuit via a cuffed endotracheal tube. Animal size is again a problem. Rebreathing bags of 25-35 1. capacity are necessary and carbon dioxide absorbers must contain up to 3 5 kg of soda lime. A minimum airway of 3X8 cm diameter must be maintained between the endotracheal tube and the soda lime canister. Endotracheal tubes are correspondingly large, their dimensions ranging from 1 to 2 cm internal diameter and from 60 to 90 cm in length. Large quantities of gases are, of course, required, but may be delivered to the circuit via pressure tubing.
This type of anesthesia is indicated in protracted interferences or for experimental surgery. Satisfactory antesthesia may be maintained for several hours followed by a relatively speedy and quiet recovery (Dyce et al., 1952; Fisher and Jennings, 1958) .
Bovine Anwrsthesia
The majority of the bovine species are relatively docile. Handling and restraint do not present the problems associated with the horse. The bovine temperament is more placid than that of the equine, and the animal is more inclined to stand for quite long periods. Anesthetic techniques are, however, governed by the multiple ruminant stomach. The stomach of the ox is very large and occupies nearly three-fourths of the abdominal cavity. It.consists of four parts, viz. rumen, reticulum, omasum and abomasum. The capacity of the stomach varies greatly but in the medium-sized cow is 30 to 40 gallons of which 80 % is accounted for by the rumen. The rumen is in effect a vast fermentation chamber in which the first stages of cellulose digestion take place. Quite large quantities of gas are produced in this process and these gases are voided by eructation. Food material is masticated on more than one occasion and is easily regurgitated from the stomach to the mouth. Once the swallow reflex has been depressed on induction of anesthesia, ruminal regurgitation followed by inhalation pneumonia is a distinct hazard. To this may be added the danger of ruminal tympany due to inability to eructate, and consequent pressure on the diaphragm. With these facts in mind it is easy to see why regional anmsthesia in the standing animal plays such an important part in general bovine surgery.
If the animal is in any way obstreperous it may first of all be sedated with chloral hydrate or one of the phenothiazine derivatives. It is advantageous that the patient should not lie down if the operative procedure is to be performed under regional anesthesia in the standing animal.
Regional ar;sthesia.-Many procedures may be performed under local infiltration, but specific nerve blocks play a very important part in cattle. That most commonly used is paravertebral block of the thirteenth thoracic, first, second and third lumbar nerves (Farquharson, 1940) for abdominal interferences and operations about the flank in the standing patient. The technique is very similar to that used in the human subject. The dorsal and ventral branches of each nerve are anesthetized after emergence from the intervertebral foraminm.
Extradural anesthesia plays an important part in bovine surgery, especially in obstetrical interventions and operations on the tail and perineum. The sites of injection are the sacrococcygeal and first intercoccygeal spaces. The spinal cord ends in the region of the last lumbar vertebra, and the meningeal sac extends as far as the third and fourth sacral segments. At the site of injection the canal contains only coccygeal nerves and small blood vessels.
Posterior anesthesia may be obtained with quite small quantities of anesthetic solution (10 ml in a medium-sized cow). The vertebral canal widens rapidly as it extends forward. The diameter in the sacral region is approximately 1 8 cm posteriorly and 2 cm anteriorly. In the last lumbar segment the width is 4 cm. Thus paralysis of the sacral nerves supplying the lumbosacral plexus may be achieved with comparatively small quantities of anesthetic solution (20 ml) whereas paralysis of the anterior lumbar nerves requires much larger quantities (100 ml or more). The bovine is quieter than the horse and is therefore a more suitable subject for anterior epidural anesthesia, which may be used for operations on the hind limb and mammary gland.
Narcosis.-Narcosis plays a far less important part in bovine surgery than in the equine. The agent of choice is again chloral hydrate administered intravenously as a 10% solution. The lightly narcotized bovine retains its swallow reflex, and if kept in ventral recumbency the dangers of ruminal regurgitation or tympany are 49 719 not great. Operative procedures may then be carried out using local anesthesia. General anawsthesia.-General anesthesia in cattle is only occasionally necessary. It is, however, indicated in certain protracted interventions and in experimental surgery. It is advisable, when general anesthesia is induced, to intubate the patient with a cuffed endotracheal tube irrespective of the anesthetic agent.
Chloral hydrate may be employed alone as a general anesthetic or it can be supplemented with pentobarbitone sodium. Induction and recovery are good but the danger of regurgitation is always present. Ruminal tympany is a particular hazard during lengthy procedures. The barbiturates as anmsthetic agents are not widely used. In the calf, although giving excellent anmethesia, the recovery time is extremely protracted and may be as long as twentyfour to thirty-six hours. Their use is mainly restricted to supplementation of chloral hydrate anesthesia, and for inducing general anesthesia prior to use of volatile agents.
The dangers of chloroform previously outlined under equine anaesthesia also apply to cattle. Delayed chloroform poisoning is more common and salivation that occurs with all Volatile anesthetic is excessive. This profuse salivation is only partially controlled by the administration of atropine sulphate.
If prolonged anaesthesia is required, a volatile agent in a closed circuit is indicated. By use of a cuffed endotracheal tube the danger of inhalation pneumonia is avoided (Messervy and Jones, 1956) . For the adult bovine the size ofequipment is similar to that described for the horse.
The normal sequence of events could be pre-medication with trimeprazine tartrate and atropine sulphate; induction with thiopentone sodium; intubation and maintenance with the volatile agent of choice. Cyclopropane and halothane (Fisher and Jennings, 1958) are extremely effective and safe agents. With this technique the animal may be kept anasthetized for several hours and recovery is invariably smooth.
In reply to questions, Mr. Tavernor said that endotracheal intubation was comparatively easy in the horse or cow; only in the cat was laryngeal spasm a problem.
The pneumonia following prolonged recumbency in large animals was associated with a pulmonary oedema. This might be hypostatic in origin or of unknown oetiology; it was quite distinct from the inhalational pneumonia which he had mentioned in cattle.
With regard to reports of sudden death following the use of darts tipped with succinylcholine, he did not think that this was due to respiratory failure. With normal dosage the duration of apnoea in the horse did not exceed 30-60 seconds and artificial ventilation was very rarely necessary. A bradycardia was not seen under these circumstances and atropine afforded no protection; indeed an extreme tachycardia was very commonly observed. He thought it most likely that these deaths which had been reported chiefly in the zebra were due to primary cardiac arrest, probably associated with cardiac disease.
